Objectives Necrotizing ulcerative gingivitis (NUG) has been seen in military populations throughout history. This study aims to determine the prevalence, treatment modality and risk factors associated with NUG in the British Armed Forces. Materials and methods A whole population dataset of the British Armed Forces was searched to determine cases of NUG during the period 1 January to 31 December 2012.
Introduction
Dental diseases have been a significant source of dental morbidity in military populations throughout history [1] [2] [3] [4] . Necrotizing ulcerative gingivitis (NUG) [5] , as it is now known, has been recorded in military populations as early as 401 BC [6] . Yet, despite its apparent incidence during military conflicts (especially the First World War), it is difficult to determine an accurate picture of the prevalence and severity of the disease [7] . This may partially be attributed to changes in the nomenclature of the disease over the years or to possible difficulties in distinguishing the differential diagnosis of NUG from other diseases [7] . The prevalence of NUG has been reported as varying over time, with higher rates described particularly during the First and Second World Wars [8] [9] [10] . Overall, though, studies have shown a decline in the prevalence of NUG since the end of the Second World War [9, 11] . Whilst a prevalence of up to 9.4 % was reported in a US military population in 1945 [9] , much lower rates of <0.03 % were reported in Swiss Army recruits in 1999 [11] . It has therefore been proposed that the incidence of NUG appears to be declining over time [12] and that since NUG is a rare disease, there are few studies properly designed and adequately powered to assess its prevalence [12] . Melnick et al. state that the Btrue prevalence of … NUG… is unknown, with most of our evidence coming from studies based on military recruits, which are unlikely to be truly representative of the general population^ [13] . In fact, it is difficult to determine what prevalence we should expect in a military population, and this study aims to provide a contemporary estimate and form a baseline for any future studies.
Several predisposing factors for NUG have been proposed in the literature [14] [15] [16] [17] [18] [19] [20] [21] [22] . Smokers have been shown to be more likely to suffer with NUG than non-smokers [17, 19, 22] . Furthermore, a positive correlation has been shown between psychological stress and NUG [16, 18, [23] [24] [25] , although it has been argued that a causative link is not convincing enough [26] . Vitamin deficiency, in particular vitamin C, has been linked with increased risk of NUG [13] . However, the effect of malnutrition and its link with NUG remains unclear [24] . Poor oral hygiene and pre-existing gingivitis have also been associated with NUG [7, 19, 23, 27] . Finally, there appears to be an increased risk of NUG associated with lower socioeconomic status (as measured by occupation, income and education), even though lower socioeconomic status is also associated with the risk factors discussed above too [13, 22] . This is of particular interest to an Army population since Army recruits (when compared with Royal Navy and Royal Air Force recruits) tend to originate from the most deprived quintiles on the Index of Multiple Deprivation [28] .
Many different protocols for the treatment of NUG have been evaluated, from the use of topical iodine, boric acid rinses, chromic acid, mercury, silver compounds, aniline dyes, sodium perborate rinses, glycerine, hydrogen peroxide and arsenicals to antibiotics and root surface debridement [20, [29] [30] [31] . The literature remains divided regarding the optimal treatment regimen [32] . Nonsurgical therapy, with the use of antimicrobials where there is evidence of systemic involvement (lymphadenopathy, fever, malaise), and concomitant use of 0.12 % chlorhexidine mouthwash have been proposed by some, whilst others propose the use of 3 % hydrogen peroxide as a mouth rinse for the chemical debridement of necrotic areas [32] . Metronidazole is recommended as the drug of choice for NUG, at the time of this study, at a dose of 200 mg three times a day for 3 days by the British National Formulary (BNF), and by the Faculty of General Dental Practice (FGDP) guidelines [33, 34] .
The aim of the present study was to collect data on NUG prevalence and its associated risk factors in the British Armed Forces and its treatment and compare the patient group characteristics with an individually matched control group.
Materials and method
To establish the likely scope of the study, a pilot search for the Read Code for NUG was undertaken. Read Codes are used by health care systems to uniquely identify clinical terms and are the standard clinical terminology system used in general practice in the UK. The data was extracted from the dental clinical records from the Defence Medical Services' (DMS) Defence Medical Information Capability Program (DMICP), the Ministry of Defence's (MOD) centralised medical and dental electronic health records system. The search revealed 145 possible cases of NUG in a 6-month period (from the 1st of July 2011 to the 31st of December 2011), out of a population of approximately 180,000. Due to the apparently high number of (possible) cases identified, it was decided that a full study should be initiated. The format of the study was an initial retrospective analysis of a whole population healthcare database to determine prevalence of NUG and its treatment, followed by an individually matched case-control study to assess the association of possible risk factors with NUG.
The study was approved by the MOD Research Ethics Committee (General), under Joint Medical Command. Approval was also obtained from the Defence Dental Services Caldicott Guardian.
Data extraction
The Principal Investigator (JD) liaised with the Defence Analytical Services Agency (DASA) (now Defence Statistics (Health)) to generate a central search of DMICP for the case group.
Whole population data was extracted from DMICP for the period 1 January to 31 December 2012. On completion of an emergency attendance, military Dental Officers must complete an exit screen for each patient that has been designed to allow the monitoring of the frequency of each specific diagnosis. NUG is one of the possible exit diagnoses, with its own Read Code. The search included any individual that had this Read Code associated with their notes within the reference period.
Inclusion criteria-cases
Initially, all cases with the Read Code for NUG reported for the whole military population during the reference period were included. Only regular (full-time) service personnel, 18 years of age or over and 60 years of age or under at time of presentation were included. Once cases were identified, the individual patient notes were accessed on DMICP and only cases clearly diagnosed as NUG were included.
Exclusion criteria-cases
Those cases with a Read Code for NUG but not definitively diagnosed as NUG from the notes were excluded during the individual data gathering. No data was gathered from deployed personnel, due to difficulties of data accessibility.
Case-control matching
The control group was matched individually against the case group for age (at time of diagnosis), gender and service (Navy, Army or Air Force) from the whole Armed Forces population of currently serving regular personnel.
Control group-randomisation
A random function was applied to the data, so that each individual record was provided with a random number identifier. A random allocation function for each of the matched controls was then performed, so that an individually matched control group was then generated. The records for the controls were then screened to ensure that there was nothing to suggest that they had NUG.
Initial data gathering-variables
Other variables included in the data gathering were the following: Sample size After the initial data gathering and individual data screening, 191 cases and 191 matched controls were included in the study. Optimal sample size was not determined, as all cases were included in the study.
Two separate, independent examiners, who were not associated with the study, performed two independent data checks. Neither knew the details of the study or its aims. Both examiners independently checked 20 % of the data at random.
The finalised data was recorded on a computer database and coded and inputted into IBM SPSS® (IBM Corp. 
Cases-analysis
Frequency distributions of NUG were determined for age, sex and service. Comparison was made to the whole military population to look for any possible trends in the case group.
Period prevalence of NUG was calculated against the military population who were in service between 2359 and 0000 hours on the 30th June 2012 (i.e. the midpoint of the study). Frequency distribution of treatments was determined by type, with comparison of every treatment entity with the creation of a two-way table, which was then tested using chi-squared tests. The significance level was set at the 1 % level, rather than the conventional 5 % level to avoid spurious results arising from multiple testing.
Each numerical variable (age, smoking amount and DMFT) in cases and controls was negatively skewed and was therefore summarised using the median, minimum and maximum readings and confidence intervals. Categorical variables were summarised using percentages.
Cases and controls were compared for each numerical and each categorical variable using univariable conditional logistic regression. Age, sex and service could not be analysed as they had been used for matching the case and control groups. Those variables that were statistically significant at the 10 % level were then included as covariates in a multivariable conditional logistic regression analysis and estimated odds ratios determined. If the prevalence of NUG is low, the risk ratio and odds ratio are almost identical. For the multivariable analysis, significance was set at the 5 % level.
Results
After full data checking and cleaning, 52 cases were excluded, resulting in two groups (case and control) each containing 191 subjects. Age, service and sex are summarised, along with the initial data, in Table 1 .
Prevalence of NUG
Period prevalence of NUG for this study was calculated as 0.11 % (191 cases in a population of 178,280).
Univariable analysis
Conditional logistic regression was performed for each variable separately (univariable analysis). See Table 2 .
The variables that were statistically significant (p < 0.1) in the univariable analysis (smoking status, BPE score and DMFT) were included in the multivariable analysis (Table 3) . It was decided to include only one smoking variable, due to the association between smoking status and smoking amount, to avoid collinearity.
An odds ratio was calculated for smoking status which revealed that the odds of NUG were 3.4 (95 % CI 2.0-5.7) times greater if the subject was a current smoker than a nonsmoker (p < 0.001).
Calculation of an odds ratio for BPE score showed that the odds of NUG were 7.3 (95 % CI 1.9-28.0) times greater for subjects with a BPE score of 3 than those with a BPE score of 0 (p = 0.004).
However, when DMFT and BPE score 4 were combined with the other study variables in the multivariable conditional logistic regression, it was shown that they were not significantly associated with NUG.
Treatment
Treatment provided for cases with NUG is shown in Table 4 and Fig. 1 .
The majority of cases received oral hygiene instruction (66.5 %), antibiotics (64.9 %) or mouthwash (58.1 %).
The majority of cases that were prescribed antibiotics received metronidazole (55.3 % of whom received metronidazole 200 mg and 42.3 % received metronidazole 400 mg). Of cases, 95.5 % prescribed a mouthwash received chlorhexidine mouthwash and 48.7 % received debridement (supragingival and/ or subgingival). Very few cases received analgesics (8.4 %) or smoking cessation advice (6.8 %).
A two-way analysis of treatment type was performed to check for an association between the different treatments provided. A chi-squared test of the relevant 2 × 2 table revealed a significant association between treatments when OHI was compared with debridement (p = 0.002), with antibiotics (p = 0.004) and with smoking cessation advice (p = 0.005). Furthermore, debridement compared with antibiotic prescription demonstrated significance (p < 0.001).
These results show that if the case received OHI, s/he was more likely to receive debridement or antibiotics or smoking cessation advice, and that if the case received debridement s/he was more likely to receive antibiotics than not receive antibiotics.
Ninety-two (48.2 %) of cases received more than two types of treatment type. Sixty-six cases (34.5 %) received three treatment types, 23 (12.1 %) received four treatment types and three (1.6 %) received five treatment types. Figure 2 shows the number of cases of NUG per month included during the study period.
Seasonal variation

Discussion
This study has demonstrated that the overall period prevalence of NUG in the British Armed Forces during the calendar year 2012 was 0.11 %, and that a BPE score of 3 had a highly statistically significant association with NUG with an odds ratio 7.3 (95 % CI 1.9-28.0) greater than those with BPE 0. There was also a highly statistically significant association with current smoking and NUG, with an odds ratio of 3.4 (95 % CI 2.0-5.7) when compared to non-smokers.
In terms of prevalence, a previous study in Swiss military trainees detected no NUG (recorded as <0.03 %) [11] which was lower than the prevalence in our study. However, these rates are still at the lower end of the prevalence reported in military personnel, which ranges between <0.03 and 9.5 % [9, 11] . Prevalence has appeared to be on the decline since the end of the Second World War and has generally been reported as <1 % since the study by Barnes et al. in 1973 [27] . The prevalence figure obtained in this study can only be regarded as an estimate though, as only cases that were recorded as a NUG Read Code on DMICP were scrutinised. There may well be further cases that had occurred that were not picked up by this search method. The study population had a median age of 23 years. This would be in agreement with other studies that have shown that NUG is primarily a disease of young adults. In a previous study, it was calculated that the mean age of onset for NUG was 23 years old [13] . It was pointed out, though, that some caution should be taken with this figure, as many of the studies they analysed had age-restricted samples, as they were drawn from college and military populations.
The comparison of proportions of officers to soldiers, in this study, revealed that 91.9 % of the study population were soldiers and 8.1 % were officers. This differs from the general military population, which is approximately 82.9 % soldiers and 17.1 % officers. Hence, there was a lower representation of officers in the population of this study when compared to the whole military population. On analysis, though, no significant difference was shown between officers and soldiers. However, what can be suggested is that more soldiers than officers presented with NUG, which should be expected due to the larger proportional representation of soldiers in the British military.
In terms of treatment provided, the majority of subjects received oral hygiene instruction (and/or) were prescribed antibiotics or mouthwash. Almost half (48.7 %) had professional debridement, with only a small number being prescribed analgesics or being given smoking cessation advice. The fact that only 66.5 % of NUG cases received oral hygiene instruction seems low. However, it may well be that more Dental Officers gave oral hygiene instruction, but did not record it in the notes.
Given the association that has been shown between poor oral health and NUG, it might be expected that there would be more evidence of oral hygiene advice/instruction in the subjects' notes [7, 19, 23, 27] . Analysis of the data showed that if a patient had received oral hygiene instruction, they were much more likely to have received debridement, antibiotics or smoking cessation advice. This may indicate that those Dental Officers who gave oral hygiene instruction tended to carry out other forms of treatment too, or they were more thorough with their note writing. Almost two thirds of patients received antibiotics. This is a large proportion of patients, yet it was not possible to determine how many of these patients had regional spread of infection, how severe the pain was (i.e. whether they could tolerate any dental intervention (e.g. [34] . The figures from the study of Palmer et al. are very similar to this study, showing that metronidazole is the antibiotic that is the most prescribed to patients with NUG. Mouthwash was prescribed in 58.1 % of cases, and in 95.5 % of these cases, chlorhexidine mouthwash was given.
Mouthwash is most likely used as an adjunct to improve the healing time of NUG as brushing in areas with open wounds may delay healing, or may be too painful; hence, mouthwash can be utilised until the patient is able to brush properly [32, 36] .
Despite the high number of current smokers in the case group (121 or 63.4 %), only 13 (6.8 %) received smoking cessation advice. This again seems very low, considering the known associations of NUG with smoking [13] . It is suspected that the smoking cessation coded entry on DMICP may not be well utilised by Dental Officers, and hence underreporting of smoking cessation advice is occurring. It may also be the case that Dental Officers are unclear as to when they should complete a smoking cessation advice entry in the notes: either when they have provided a brief intervention themselves or only when they refer the patient to a smoking cessation clinic.
Debridement was performed in 48. attempted some form of debridement, despite the fact that we know NUG can be very painful. This is a much lower figure than Horning and Cohen's study, where up to 85 % of cases had debridement (in conjunction with antibiotics and mouthwash) [23] . Debridement has been recommended by several authors and should certainly be attempted in the initial treatment of NUG [32, [36] [37] [38] [39] . If provided, it should be carefully performed with an ultrasonic scaler, tempered by the patient's tolerance of the treatment, ideally under local anaesthesia [32, 36, 37, 40] . Analgesics were prescribed in only 8.4 % of cases, which seems very low given the potential severity of the pain experienced with NUG [5] . It may well be that rapid response with antibiotics means that General Dental Practitioners do not feel the need to prescribe analgesics. However, given antibiotics take some time to have effect, and the debilitating nature of the pain, it may well be advisable for more patients to receive a short course of analgesics as well. There is very little published literature regarding the use of analgesics in NUG. The American Academy of Periodontology's Parameter on Acute Periodontal Diseases mentions Bpain control,^but does not give any further instruction [35] , and it is not mentioned at all as a possible treatment option by several authors [6, 24, 38] . It is the authors' opinion that further research is needed to investigate the type and severity of pain associated with NUG and the associated use and effectiveness of analgesic regimes.
In this study, BPE was the tool that was most likely to be routinely utilised to determine periodontal health. It was recorded at the patient level (rather than at the site level) as an overall marker of periodontal health. The British Society of Periodontology (BSP) guidance on the use of the BPE states that it Bis a simple and rapid screening tool that is used to indicate the level of examination needed and to provide basic guidance on treatment need^ [41] . One might argue that a measurement of oral hygiene status (e.g. a plaque score) or of gingival status (e.g. the Periodontal Disease Index) may have been of more use to determine how effective the patient's oral hygiene regime was, the extent of any gingival inflammation and how this may have contributed to them presenting with NUG. A BPE score of 3 relates to a probing depth of 3.5-5.5 mm, indicating a pocket depth of 4-5 mm according to the BSP guidance [41] . The BSP state that if a score of 3 occurs, then a full six-point pocket charting should be performed in that sextant and that the patient is likely to need oral hygiene instruction and root surface debridement in the general practice environment. A BPE score of 3 had a highly statistically significant association with NUG. When it was included in the multivariate analysis, the odds ratio was 7.3 (p = 0.004, 95 % CI 1.9-28.0). Hence, the odds of NUG in those patients with a BPE score of 3 were 7.3-fold greater than those of BPE 0. Despite the high odds ratio for BPE 3, caution should be applied when interpreting this result. As stated previously, the BPE is a screening tool for periodontal health and is technically not a diagnostic tool. It is also not designed to measure oral hygiene. However, if it is assumed that the individual (with a BPE score of 3) has generally poorer periodontal health or susceptibility to periodontal disease (than a subject with a BPE score of 0), then it could be argued that their oral hygiene is not optimal either, and as such, a strong association with NUG might well be expected.
When a BPE score of 4 was included in the multivariable conditional logistic regression, its significance dropped out and it was determined that it was not significantly associated with NUG. We can only postulate as to why this was the case, especially given the significance of a BPE score of 3. It may have been a statistically chance finding due to the low numbers of BPE 4 cases in the study. There are no studies identified in the literature, to the best of our knowledge, where BPE has been measured as a variable to look for its association as a possible risk factor for NUG. Clinical attachment loss has been associated with NUG, but not pocket depth [42, 43] . Lack of reporting of probing pocket depths in the literature may be explained by the possible inability to probe the infected area due to pain or the lack of such a need as diagnosis of NUG may be reached clinically based on the signs and symptoms [40, 44] .
It is difficult to draw specific conclusions from this study, but from the findings in this small sample, it would appear that those patients with a BPE score of 3 have a significantly higher risk of developing NUG. It is therefore reasonable to suggest that our efforts should be focused on improving their oral hygiene and periodontal health in this group to prevent NUG from occurring as well as addressing potential progress to attachment loss. As the BSP recommends that these subjects have a full probing depth charting in the sextant(s) associated with a BPE score of 3, further research is needed to audit compliance with this recommendation in the case group.
Another weakness with this study, particularly regarding BPE score, is the number of Dental Officers that were involved in recording the BPE and the fact that they were not calibrated. This could mean that there were discrepancies between examiners in the measurements. The periodontal probe has been shown to penetrate deeper into the connective tissue in inflamed tissues, whilst not penetrating to the true extent of the pocket in healthy tissues [45] [46] [47] . It has been shown that probing depths can be influenced by probe dimensions, placement/ angulation, probing force, presence of subgingival deposits and tooth alignment and shape [48] . Whilst these studies have not looked at the World Health Organization (WHO), BPE probe specifically, the problems discussed are likely to be the same.
The BPE score was not always recorded on the date of the NUG diagnosis, somewhat weakening the conclusions drawn from the BPE data. Furthermore, the latest BPE guidance was issued in November 2011 [41] , and consequently, it is not known which Dental Officers applied the changes and which did not during the study period. However, these changes did not affect the findings of this study, as the Principal Investigator was able to record the highest BPE score from examination of the notes whilst being able to exclude the * score.
In the present investigation, current smokers also had a highly statistically significant association with NUG with an odds ratio of 3.4 (p < 0.001, 95 % CI 2.0-5.7). From previous evidence, it is known that smoking has a strong association with NUG, and this result adds to that body of evidence from existing literature [17, 19, 22] . In addition to this, the amount smoked had a highly significant association with NUG (p < 0.001), yet the odds ratio of 1.19 (95 % CI 1.11-1.23) only shows slightly increased odds of the disease (although it does exclude one). What we can say is that as the amount smoked goes up by one unit (one cigarette/day), the odds of being a case (i.e. having NUG) increase by c. 19 %. An association has been shown between heavy smokers and NUG, and again, this should be raised with the patient and appropriate smoking cessation advice provided [19] .
There are possible issues of the data quality associated with smoking status, as smoking status was not universally updated on the day of diagnosis. It therefore cannot be guaranteed that the subject was a current smoker on the day of attendance or in the period leading up to the attendance.
Smoking cessation was only recorded for 10.7 % of smokers, which does not correlate the expectation from healthcare professionals. There are potential issues in record keeping here and this area warrants further investigation.
Seasonal variation was examined in this study to determine whether cases were more likely to present at certain times of the year. Despite a number of studies showing that there may be seasonal presentation of NUG, there is no consistent evidence to confirm this [13] . The results of this study do show a higher number of cases in January 2012 and lower numbers of cases in August and December 2013. The differences are only minimal and are likely to correspond to periods of leave (holiday) and return from leave. The spike in January 2012 may correspond to subjects returning from Christmas leave (which will be taken by the majority of military personnel) and the lower numbers in August and December 2012 could be associated with higher numbers of subjects being on summer leave or Christmas leave.
A positive correlation has been shown between psychological stress and NUG [16, 18, [23] [24] [25] . Unfortunately, we were unable to study this area due to the non-availability of measurable data from the notes. This, however, may be an area to consider for future studies.
Implications of findings
NUG is a rare disease that still presents within the UK Armed Forces population. It is treated with a variety of treatment regimens, and there are possible links with smoking and oral health.
Dental practitioners should routinely ensure that they address oral hygiene and initiate smoking cessation advice for their patients. This should also be performed in subjects presenting with NUG. They should also try and ensure that they are following prescribing guidelines and recognised treatment protocols.
Review of methodology
Case-control studies are useful when studying rarer diseases, but they are not without their limitations [49, 50] . The retrospective nature of the study is a major limitation, as the disease exposure has already occurred, and hence, the investigator has to use past data to assess associations.
In the current study, efforts were made to address confounding by selecting appropriate matching criteria and in the statistical analysis, by utilising logistic regression [50] .
Searching by Read Code allows efficient access to disease data. Unfortunately, it is reliant on human input and hence is open to error. There may well have been cases of NUG that presented during the study period that were missed, due to the absence of the appropriate Read Code or if they did not present at a military dental centre.
The Principal Investigator was not blinded to the status of the subjects and was aware of the aims of the study; hence, there was a risk of information bias in this study. To compensate for this, the case and control groups were both produced centrally by another organisation (DASA). Two independent data checks were then performed by individuals with no involvement in the study. There was also no calibration between operators recording the data and how they performed the BPE, as this was a retrospective study of a whole population database.
Conclusion
NUG remains a rare condition with a prevalence of just 0.11 %, for the whole British military population for the year of the study (2012). The rarity of the condition still challenges the identification of risk factors, although a strong association was shown with NUG and current smokers, the amount smoked and those who had a BPE score of 3.
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